100                     THE ELECTRIC FURNACE
These laws depend on the assumptions that the electrodes have a uniform cross-section throughout their length, that there is no transfer of heat between the electrodes and the furnace walls, and that the conductivities for heat and electricity are linear functions of the temperature.
The mathematical proof of these laws is given in the same paper. The calculation of electrode dimensions and electrode efficiencies can be readily made with the aid of the following formulae given hy Dr. Hering.1
Symbols-Used in the Formulae
S — Cross-section of electrode in square inches.
L =Length of electrode in inches.
C = Current in amperes.
W =Heat generated in the electrode, expressed in watts.
// = Flow of heat, in watts, due to heat-conductivity of electrode,
if no electric current were flowing.
h = Flow of heat, in watts, from the furnace to the electrode. • X — Flow of heat, in watts, leaving cold end of electrode. T = Difference. of temperature, in Centigrade degrees, between the
ends of the electrode. r = Electrical resistivity of the electrode material in ohm, inch
cube units. k = Thermal  conductivity  of  the electrode material, in watt,
inch cube units.
E = Voltage between ends of electrode, or watts per ampere. e   - " Electrode voltage." s =" Specific cross-section" in square inches. In general:
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• where      H^kTf                                (3)
and               = C2r                                      (4).
.     •       •     • 1 Dr. Carl Hering, Am, Inat. Elect. Engrs., vol. xxix, 1910, p. 285.total voltage of the furnace and this minimum voltage due to the material and the temperature, and is independent of the dimensions.
